Background: Even though the use and prevalence of roll-your-own cigarettes (RYO) has been declining over the past decades, RYO remains important. Given the paucity of research examining RYO use, there is a need to better understand the current and potential future context of RYO use.
Introduction
Even though the use of roll-your-own cigarettes (RYO) has declined in recent decades [1, 2] , RYO remains important. For instance, RYO smokers tend to believe that RYO cigarettes are less harmful compared to factory-made (FM) cigarettes [1] despite evidence to suggest that RYO smokers are actually at increased risk for certain cancers [3] [4] [5] . RYO smokers also tend to have lower incomes than smokers of FM cigarettes [1] , and since fine-cut tobacco used to make RYO cigarettes are taxed at a lower rate than FM cigarettes in Canada, smokers may compensate for price increases by shifting from FM cigarettes to RYO instead of quitting or reducing consumption [2] . Moreover, when you consider that RYO smokers tend to be heav-ier smokers and less likely to consider quitting smoking compared to FM cigarette smokers [1] , it is apparent that this high-risk smoking population should be a priority for tobacco control.
Another reason why RYO use remains important is that there is evidence from Europe that tobacco advertisements are starting to target the young and 'hip' market segments with the 'benefits' of smoking RYO (i.e., it is cheaper and cooler than smoking FM cigarettes) [6, 7] . Although these marketing activities are not yet evident in Canada, there is the possibility that popular culture spill-over could encourage young Canadian smokers to experiment more with RYO. Due to the paucity of research examining RYO use, there is a need to better understand the current and potential future context of RYO use in Canada. As such, this paper characterizes the prevalence of RYO smoking in Canada, and identifies characteristics associated with RYO tobacco use among smokers.
Method
The analyses used data from the 2002 Canadian Tobacco Use Monitoring Survey (CTUMS) [8] . CTUMS is a nationally representative telephone survey of smoking behaviour administered by Statistics Canada to monitor trends in smoking prevalence. Data for the current analysis were drawn from interviews conducted between February and December of 2002. The target population for CTUMS is all persons aged 15 and older (young adults aged 15-24 are over-sampled) living in Canada, excluding residents of Yukon, Nunavut, and the Northwest Territories, and fulltime residents of institutions. Data were collected by Statistics Canada between February and December 2002 using computer-assisted interviews by telephone; only direct reports (i.e., not third-party) with selected persons were accepted. Data were collected using informed consent in accordance with Health Canada's ethical guidelines. To allow provincial comparisons of approximately equal reliability, the overall sample size for the survey was divided equally across all 10 Canadian provinces. With this sampling frame, it is possible to estimate the smoking prevalence of Canadians aged 15 and older within about ± 0.9% each year. A total of 23,341 Canadians responded to the survey with an overall response rate of 82%. Survey weights were used to adjust for non-response between provinces and groups, thereby minimizing any bias in the analyses caused by differential response rates across different regions or groups. A full description of the sampling design is available [9,10].
Among current smokers (smoked > 100 cigarettes lifetime and at least once in the past 30 days), daily smokers were those who reported smoking daily and occasional smokers were those who smoked at least once in the past 30 days but not daily. Daily and occasional smokers were asked about quit attempts in the past year, intentions to quit smoking in the next six months, if more expensive cigarettes would make them quit smoking, and to report their cigarette consumption for each of the previous seven days. Time to first cigarette in the morning was used as a proxy measure for nicotine addiction [11] . Sociodemographic information about age, sex, marital status, education and income adequacy (based on household income and household size) were also collected.
CTUMS data were weighted on sex, age, and province, followed by adjustments for non-response and multiple telephone lines within a household. In addition, variance estimates were adjusted using coefficients of variation to take the survey's design effect into account [9,10] In Step 1, descriptive analyses of RYO use and respondent sociodemographic and behavioural characteristics were examined. Chi-square was used to test for significant differences (p < 0.05) across groups. In Step 2, an ordinal logistic regression model was fitted to examine the characteristics which were associated with different levels of RYO tobacco use among current smokers. However, when we tested the assumption of parallel regression using the Chi-square test in our preliminary ordinal model, we identified that the proportionality assumption failed. As such, in order to better understand the characteristics associated with different frequencies of RYO use behavior, we used a more traditional yet robust modeling approach in which three logistic regression models were conducted to examine characteristics which differentiated current smokers who use RYO tobacco (a) all of the time versus never, (b) most of the time versus never, and (c) sometimes versus never. All analyses were conducted using SAS Version 9.1 [12] .
Results
In 2002, 21% of Canadians aged 15 and older were current smokers. Among these 5.5 million smokers, 17% (n = 925,000) reported smoking RYO; 8% (n = 452,000) all of the time, 3% (164,000) most of the time, and 6% (309,000) sometimes. When compared to FM cigarette smokers, RYO users were heavier smokers. The average number of cigarettes per day for those who smoke RYO all of the time was 19.2 (± 9.2) and for those who smoke RYO most of the time was 20.1 (± 8.2) compared to 15.3 (± 6.9) for those who smoke RYO sometimes and 13.8 (± 9.8) for those who never smoke RYO tobacco.
As shown in Table 1 , older smokers were more likely to smoke RYO than younger smokers (χ 2 = 138.4, df = 9, p < .001), as were daily smokers compared to occasional smokers (χ 2 = 89.4, df = 3, p < .001); 92% of occasional smokers had never smoked RYO compared to only 81% of daily smokers. RYO smoking was not significantly different between males and females (χ 2 = 3.4, df = 3, p = .336). A smaller percentage of divorced or separated respondents report never smoking RYO (77% and 77% respectively) compared to married or single respondents (83% and 84% respectively), even though married and single respondents represent the largest population of RYO users (n = 187,000 and n = 116,000 respectively). Not only were RYO smokers more addicted to nicotine compared to non-RYO smokers based on their time to smoking after waking up (χ 2 = 133.3, df = 9, p < .001), but they were also less likely to consider quitting smoking (χ 2 = 116.1, df = 3, p < .001) or to have made fewer quit attempts (χ 2 = 35.1, df = 3, p < .001). Nevertheless, beliefs about more expensive cigarettes causing smoking cessation were not significantly different among RYO and non- RYO smokers (χ 2 = 4.8, df = 3, p = .187). Smokers who had less education tended to smoke RYO more frequently compared to smokers with more education (χ 2 = 133.7, df = 9, p < .001), as did smokers with lower income adequacy compared to smokers with higher income adequacy (χ 2 = 192.9, df = 12, p < .001).
Factors associated with using RYO tobacco all of the time versus never As shown in Table 2 
Discussion
A very limited amount of research has examined the issue of RYO tobacco use. Regardless, this study demonstrates that RYO tobacco use is not a negligible problem within Canada. In light of this information, and knowing that these 2002 data are the most recent nationally representative data on RYO use available in Canada, we feel that RYO tobacco use needs to become re-integrated into tobacco control surveillance and evaluation activities.
These results indicate that the income adequacy of a smoker had the largest effect on differentiating those who smoke RYO from those who smoke FM cigarettes. For instance, smokers with low and even middle income adequacy were substantially more likely to smoke RYO than higher income smokers. Although previous research had suggested that income difference do not predict exclusive RYO use [1] , our findings clearly indicate that in a larger nationally representative sample of smokers, income differences do predict exclusive RYO use. The importance of income suggests that as long as a discrepancy in the excise tax on FM and fine-cut tobacco exists, smokers may compensate for price increases by shifting from factory-made to RYO instead of quitting [2] . This may explain our finding that RYO and FM tobacco use did not vary by beliefs about increased costs of cigarettes leading to cessation. Additional research is required to model how changes in the relative costs of FM and fine-cut tobacco would impact switching from FM to RYO cigarettes or lead to cessation. Such insight will be particularly important if Canadian tobacco manufacturers follow the lead of the UK tobacco industry and position RYO as a cheaper alternative for smokers [6] .
Consistent with existing research [1] , we found that RYO smokers appear to be more addicted to smoking than MF cigarette smokers based on time to smoking after waking up. We also identified that RYO smokers tend to be heavier smokers than those who smoke FM cigarettes. As such, even though RYO smokers represent a small portion of the entire smoking population, knowing that they are both 'more addicted' and heavier smokers suggests that they may actually be at increased risk for smoking related morbidity and mortality [3] [4] [5] 13] . Additional research is required to tailor appropriate cessation interventions to this high-risk population.
While older smokers reported more frequent use of RYO tobacco, we also identified that almost 80% of smokers aged 15 to 24 reported having tried RYO, with more than a quarter of young adult smokers reporting frequent RYO use. Since smokers are most apt to switch from FM cigarettes to RYO in younger age groups [1] , and our data suggest that smokers within this age group are experimenting with RYO, this is cause for concern. When coupled with increasing prices of FM cigarettes (remembering that youth are the most price sensitive smokers [14] ), and evidence that some tobacco manufacturers are starting to target marketing initiatives regarding the 'benefits' of RYO tobacco relative to FM cigarettes to young adult populations [6] , this may represent the beginning of a potential future resurgence in RYO use if left unchecked. As such, ongoing surveillance of RYO use and marketing of RYO products, especially among youth populations, is required.
The finding that the use of RYO tobacco did not significantly vary by sex was unexpected. Conventional wisdom has always suggested that more men use RYO than women. More recently, it was identified that although a high proportion of female smokers report mixed use of both RYO and FM cigarettes, the majority of RYO use in developed countries occurs among male smokers [1] . It is possible that this may be a result of the availability of RYO products in Canada that are easier to assemble than the traditional product. Nevertheless, our finding warrants additional research as we need to clearly understand the factors that help to explain why in Canada, rates of RYO are similar between males and females.
Limitations
This study has several limitations common to survey research. Although the response rate was high and the data were weighted to help account for non-response, the findings are nevertheless subject to sample bias. It should also be noted that the cross-sectional nature of the design does not allow for causal inferences regarding the association between sociodemographic characteristics and RYO tobacco use. Longitudinal data are required.
Conclusion
RYO tobacco use has come to represent a small and shrinking market in Canada, but it is still responsible for tobacco related morbidity and mortality as more than one in ten Canadian smokers frequently smoked RYO cigarettes in 2002. Not only do RYO smokers tend to be heavier more addicted smokers, but they also tend to be older, and have less income and education than smokers who consume FM cigarettes. Considering that RYO use is also evident among younger populations, and RYO use poses a growing threat to public health internationally, it is clear that the RYO market should not be ignored.
